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•• Resource Mapping TechnologiesResource Mapping Technologies

•• Location Based ServicesLocation Based Services

•• Mobile Web-Based MappingMobile Web-Based Mapping

“Putting Information“Putting Information
in its Place”in its Place”



•• AgricultureAgriculture
•• Archaeology & ForensicsArchaeology & Forensics
•• ConstructionConstruction
•• Environmental Site AssessmentsEnvironmental Site Assessments
•• ForestryForestry
•• Road BuildingRoad Building
•• TurfTurf
•• Utility PlacementUtility Placement
•• WatershedsWatersheds
•• WetlandsWetlands



•• Soil information is collected from core sampling, pitSoil information is collected from core sampling, pit
excavation, non-invasive tools (Veris/EM38), andexcavation, non-invasive tools (Veris/EM38), and
satellite/airborne imagery.satellite/airborne imagery.

•• Sometimes combined with yield, weather, and siteSometimes combined with yield, weather, and site
management information.management information.

•• Process involves several disconnected and oftenProcess involves several disconnected and often
unnecessary (overkill or underkill) steps.unnecessary (overkill or underkill) steps.





•• Use BEST AVAILABLE TECHNOLOGYUse BEST AVAILABLE TECHNOLOGY

•• Drive field boundary/features of interest andDrive field boundary/features of interest and
obtain Soil Survey, DEM, imagery, yield data etc.obtain Soil Survey, DEM, imagery, yield data etc.

•• Create high resolution DEM and perform EM/GPRCreate high resolution DEM and perform EM/GPR
surveysurvey

•• Combine new data with existing data to selectCombine new data with existing data to select
locations for point observationslocations for point observations

•• Make point observations to create high resolutionMake point observations to create high resolution
3-D, digital, soil and topography map3-D, digital, soil and topography map



•• Soil Imaging Penetrometer (SIP)Soil Imaging Penetrometer (SIP)
•• Physical Property Penetrometer (PPP)Physical Property Penetrometer (PPP)
•• Soil Moisture, Temperature, Resistivity PenetrometerSoil Moisture, Temperature, Resistivity Penetrometer
•• Soil Color PenetrometerSoil Color Penetrometer
•• EM/GPREM/GPR
•• OtherOther



•• CompactionCompaction
•• TextureTexture
•• ColorColor
•• Electrical ConductivityElectrical Conductivity
•• MoistureMoisture
•• TemperatureTemperature
•• Organic MatterOrganic Matter
•• StructureStructure

•• ElevationElevation
•• SlopeSlope
•• Landscape PositionLandscape Position
•• AspectAspect



•• Impermeable layer depthImpermeable layer depth
•• Water holding capacityWater holding capacity
•• Plant available waterPlant available water
•• Organic matter contentOrganic matter content
•• Nutrient holding capacityNutrient holding capacity
•• Hydraulic conductivityHydraulic conductivity
•• ThermalThermal

•• Length of SlopeLength of Slope
•• DepressionsDepressions
•• Watershed positionWatershed position
•• ViewshedViewshed
•• Proximity to other info.Proximity to other info.



•• pHpH
•• Oxidation/Reduction PotentialOxidation/Reduction Potential
•• UV Induced HydrocarbonUV Induced Hydrocarbon
•• LASER Induced Fluorescence (LIF)LASER Induced Fluorescence (LIF)
•• Cation Exchange CapacityCation Exchange Capacity
•• othersothers



1 m1 m

�� 1.2 cm 1.2 cm

DAQDAQ



;;  weak, fine and medium, granularweak, fine and medium, granular
structure; slightly hard, very friable, nonsticky,structure; slightly hard, very friable, nonsticky,
nonplastic; few, nonplastic; few, 

slightly acid (pH 6.5);slightly acid (pH 6.5);  



“Subsurface Remote Sensing”“Subsurface Remote Sensing”

~ 2.5 cm~ 2.5 cm

Video SignalVideo Signal

SapphireSapphire
WindowWindow

0.5 cm0.5 cm

Inside HousingInside Housing
- Digital video camera- Digital video camera
- LED array- LED array
- Focusing optics- Focusing optics
- Mirror assembly- Mirror assembly

Imagery Collected with…Imagery Collected with…

- Depth- Depth
-- Landscape position Landscape position
-- Other sensor data Other sensor data

White Sands, NMWhite Sands, NM



“Subsurface Remote Sensing”“Subsurface Remote Sensing”





10YR5/410YR5/4

Red (183)Red (183) Green (130)Green (130) Blue (119)Blue (119)





Red (178)Red (178) Green (130)Green (130) Blue (120)Blue (120)





10YR5/410YR5/4
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ColorColor StructureStructure TextureTexture
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1.2 mm

V15-105cm

Real-Time and Real-Time and In SituIn Situ



Real-Time and Real-Time and In SituIn Situ



Real-Time and Real-Time and In SituIn Situ



Real-Time and Real-Time and In SituIn Situ



Real-Time and Real-Time and In SituIn Situ



StructureStructure

…enhanced…enhanced
image showingimage showing

soil structuresoil structure

Real-time in situ imagery fromReal-time in situ imagery from
the Soil Imaging Penetrometerthe Soil Imaging Penetrometer

…image processing can be used…image processing can be used
to quantify soil characteristicsto quantify soil characteristics



OriginalOriginal ScatterScatter
PlotPlot

PrinciplePrinciple
ComponentComponent

TransformationTransformation

PorosityPorosity

Cluster Analysis basedCluster Analysis based
on Transformationon Transformation



Two Standards in the United StatesTwo Standards in the United States

* * American Society of Agricultural EngineersAmerican Society of Agricultural Engineers **American Society of Testing and Materials**American Society of Testing and Materials

ASAE*ASAE*
••  3030oo Tip angle Tip angle

•• 3 cm/sec 3 cm/sec

•• Tip force only Tip force only

•• root emulation root emulation

ASTM**ASTM**
••  6060oo Tip angle Tip angle

•• 2 cm/sec 2 cm/sec

•• Tip force Tip force

••Sleeve frictionSleeve friction

•• Physical properties Physical properties



2 cm2 cm

7 
cm

7 
cm

Generally…Generally…

(Tip Force)(Tip Force) increases with anincreases with an
   increasing density   increasing density

 (Sleeve Friction) increases (Sleeve Friction) increases
  with increasing cohesion  with increasing cohesion









Water Content at Field CapacityWater Content at Field Capacity
% by Volume (-0.3 bar)% by Volume (-0.3 bar)

Sandy Loam = 12%Sandy Loam = 12%
Silt Loam = 30%Silt Loam = 30%

Clay = 35%Clay = 35%

Brady, 1990Brady, 1990



At Field CapacityAt Field Capacity
% by Volume (-0.3 bar)% by Volume (-0.3 bar)

Sand = 7%Sand = 7%
Silt = 21%Silt = 21%
Clay = 16%Clay = 16%

Brady, 1990Brady, 1990



Sand = 10Sand = 10-3-3 cm/s cm/s
Silt = 10Silt = 10-5-5 cm/s cm/s
Clay = 10Clay = 10-7-7 cm/s cm/s

Freeze and Cherry, 1979Freeze and Cherry, 1979



In 1 gram of SoilIn 1 gram of Soil

Sand = 0.05 mSand = 0.05 m22

Silt = 1.11 mSilt = 1.11 m22

Clay = 740 mClay = 740 m22

Jury et al., 1991Jury et al., 1991



In general, coarser textured soils have aIn general, coarser textured soils have a
greater soil strength than those with agreater soil strength than those with a

smaller particle size.smaller particle size.

Brady, 1990Brady, 1990





Volumetric Moisture %
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Schulze et al, 1993



RED (Moisture vs. DN)

y = -0.2424x + 142.4
R2 = 0.9845
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BLUE (Moisture vs. DN)

y = -0.1327x + 123.38
R2 = 0.9343
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Inverse DistanceInverse Distance SplineSpline
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Soil map units

(Data source: MUIR)

(pixel : 4m)





–– Efficient and EffectiveEfficient and Effective
–– DigitalDigital
–– RepeatableRepeatable
–– TransferableTransferable

–– Variable rate equipmentVariable rate equipment
–– ModelsModels
–– Guide for future sampling and operationsGuide for future sampling and operations



June 26, 2002 - Lake Mendota Park - Madison, WIJune 26, 2002 - Lake Mendota Park - Madison, WI
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